Background: Premature ventricular contractions (PVCs) are often found in healthy workers at medical checkups. In this study, we aimed to investigate the frequency of PVCs recorded during medical checkups in Japanese office workers without heart disease or other known contributing factors.
Introduction
Premature ventricular contractions (PVCs) are often found at regular medical checkups. The prognosis of patients with PVCs and no history of heart disease is the same as in patients with no PVCs and no history of heart disease 1,2 ; however, it is reported that mental and physical stresses and lifestyle-related habits are related to the development of PVCs 3, 4 . In this study we aimed to clarify the frequency of PVCs observed during regular medical checkups in Japanese white-collar workers as well as the factors related to the onset of PVCs based on medical checkup data and their reported lifestyle-related habits.
Materials and Methods

Participants
A standard 12-lead electrocardiogram (ECG) examination was performed on 17,721 members of staff of FU-JITSU Limited or affiliated companies during a regular 
17,641 par ants were us rhythm
AF, atrial brilla on; PAF, paroxysmal atrial brilla on; DCM, dilated cardiomyopathy; OCI, old cerebral infarc on; aor c stenosis; MR, mitral regurgita on and PVC, premature ventricular contrac on. Participants with heart disease were defined as persons who responded as having cardiovascular disease (including those who were currently undergoing treatment) in a medical interview at the medical checkup or as persons who were determined to have atrial fibrillation on the electrocardiogram readout during the medical check.
pa ants
Other participants were defined as persons without heart disease.
Questionnaires about Lifestyle
Lifestyle-related habits during the most recent 2 3 months were recorded before the medical checkup. The criterion for a smoking habit was defined as a current smoker with a regular smoking habit at the time of the medical checkup. The criterion for a drinking habit was defined as alcohol consumption once a week or more and a daily average alcohol consumption (g) was calcu- 
Statistical Analysis
The data are expressed as means ± standard deviation.
Differences between the two groups were determined by the analysis of variance; Student's t-test was used for multigroup comparisons. Case matching was conducted using a nested case control design. Univariate regression analyses were performed to determine factors related to the onset of PVCs. Statistical analyses were conducted using JMP software for Windows (version 10.0; SAS Institute, Cary, NC, USA). Statistical significance was set at a p value <0.05.
Ethical Approval
This research was conducted in accordance with the Table 2) .
Discussion
This study was conducted based on intra-corporate regular medical checkups excluding retired employees; therefore, it can be considered that there was no difference in health awareness among the participants. Furthermore, comparisons were conducted between staff members in the same workplace in the nested case control design to eliminate differences in the working environment as much as possible. 
Clinical Characteristics and Prevalence of Participants with PVCs
PVCs were recorded in 1.7% of the participants (303 participants) using a standard 12-lead ECG. A very small number of studies reported the prevalence of PVCs on a standard 12-lead ECG. Qureshi W et al. 1 reported that
PVCs on a standard 12-lead ECG were seen in 1.5% of the participants without heart disease in a study conducted with 7,504 individuals in the United States aged 20 or over. The mean age was 60 years old.
A previous survey was conducted with 11,158 individuals in Japan wherein PVCs on a 12-lead ECG were observed in 1.4% of men and 1.1% of women, excluding persons with cardiovascular disease 5 . In addition, PVCs were recorded in 3 5% of the participants in the United
States, and the recording time of the ECG was 40 seconds to 2 minutes in these studies 6, 7 .
The background of participants and the recording time of the ECG in this study were different from the above reports. It is presumed that an ECG recording time of 10 seconds at medical checkups in Japan is standard practice; therefore, we could not simply compare the fre-quency of the recorded PVCs. It is known that a longer recording time for ECGs leads to more frequent detection of PVCs 1,5 7 .
PVCs in individuals without heart disease is more frequent during the day than it is at night and is transiently suppressed by sinus tachycardia 8 . Therefore, a standard 12-lead ECG recorded during the day and at rest during a medical checkup may be an effective screening test for PVCs.
Relationship between PVCs and Lifestyle
The relationship between participants who regularly drank alcohol or suffered from insomnia and the incidence of PVCs detected at a medical checkup was observed in this study. However, significant differences were not indicated between the two groups for diabetes, hypertension, lipid metabolism disorders, a history of neuropsychiatric disorders, and physical findings such as blood pressure and blood test data (including data related to renal function, liver function and uric acid levels) (Data not shown).
It is known that regularly drinking alcohol is related to the presence of arrhythmias 2, 9 . It is considered that excessive alcohol consumption causes cardiac damage, exacerbation of cardiac function, heart failure, and arrhythmias among other things through various actions in a dosedependent manner 10 .
It is unclear how alcohol consumption had an influ- , was not included in this study. In addition, the duration and frequency of sleep disorders were not included in the investigation. Therefore, the cases that we classified as insomnia might not be clinically defined as insomnia.
There are a number of reports that sleep deprivation can cause PVCs 14, 15 ; however, there are very few reports describing that insomnia can cause PVCs. However, it is known that depression and mental and physical stresses can cause PVCs 16 18 . Furthermore, insomnia is closely related to depression and mental and physical stresses 19, 20 .
Therefore, a possibility that insomnia might be linked with development of PVCs was considered. In our study, sleep offset insomnia was linked with the development of PVCs; however, the cause was unclear.
Obstructive sleep apnea (OSA), which is a cause of a sleep disorders, was not included in the results of this study. OSA is also a known causal factor of PVCs 21 ; therefore, studies that also include OSA would be needed in the future.
Clinical Implications of the Results of this Study
When a PVC was recorded using an ECG at a medical checkup, regardless of the absence of heart disease, there was a possibility that the individual's lifestyle, such as drinking alcohol or suffering from insomnia, might be reflected in the result 16 20 . In particular, the participants with the highest occurrence of PVCs were found when the amount of alcohol consumption was 0 19 g/day or the participants had sleep offset insomnia.
Follow-up Survey
Of the 303 workers with PVCs in this study, 99 patients underwent complete examinations and at least 9 patients received some kind of therapies. It is still controversial whether a PVC on a standard 12-lead ECG is a significant factor for cardiovascular disease development and mortality. Qureshi W et al. 1 reported that PVCs on a standard 12-lead ECG were not associated with a risk of mortality and cardiovascular disease. On the other hand, Hirose H et al. 4 reported that PVCs on a standard 12-lead ECG were a predictive factor for cardiac death only in healthy men and Watanabe H et al. 22 reported that PVCs on a standard 12-lead ECG were a prognostic factor for the risk of atrial fibrillation. It is vitally important to conduct a follow-up study.
Study Limitations
This was a small, retrospective, single-center, casecontrolled study. Therefore, a larger, more comprehensive study is warranted. It is unclear whether the results of the present study would be applicable to general workers. The background of participants was based on the participants' own answers; therefore, they might be inaccurate. Gender differences were not considered in this study, although there is a report that there are gender differences in the effects of stress at the workplace on the body 23 .
The ECGs were recorded for 10 seconds during the medical checkups in this study although a long-duration recording, such as a 24-hour recording, is ordinarily required to make a diagnosis of arrhythmia. In addition, the presence or absence of heart disease was examined based on a medical interview only. Therefore, we could not exclude the possibility that there might be participants with undiagnosed heart disease 24, 25 . The morphology and origin of the PVCs were not examined in this study.
